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,QWURGXFWLRQ
7KH GHYLFH SHUIRUPDQFH LV RQH RI WKH PDLQ NH\ LVVXHV ZKHQ PHWDPDWHULDO 070 UHVRQDWRUV DUH XWLOL]HG WR
GHVLJQ PLFURZDYH 0: GHYLFHV VXFK DV ILOWHUV DQWHQQDV DQG GLYLGHUV 6XEVWDQWLDOO\ 070V SURYLGH PDQ\
IDFLOLWLHVLQ0:FLUFXLWGHVLJQIRUWKHSXUSRVHVRIPLQLDWXUL]DWLRQDQGKDYHYHULO\VKRZHGKLJKSHUIRUPDQFHZKHQ
XVHG LQ 0: GHYLFHV 0HWDPDWHULDOV 070V DUH RIWHQ FKDUDFWHUL]HG LQ WHUPV RI WKHLU HIIHFWLYH PDWHULDO
SDUDPHWHUVVXFKDVHOHFWULFSHUPLWWLYLW\İUDQGPDJQHWLFSHUPHDELOLW\U7KHIXQGDPHQWDOSURSHUWLHVRI070V
ZHUH SURSRVHG E\ 9HVHODJR DW  UHSUHVHQWLQJ WKH ILUVW 070 ZLWK QHJDWLYH UHODWLYH SHUPLWWLYLW\ İU DQG
SHUPHDELOLW\ U070VDUHGLYLGHG LQWRGRXEOHQHJDWLYH '1*070VDQGVLQJOHQHJDWLYH 61*070V ,Q
'1*070VERWKSHUPLWWLYLW\İUDQGSHUPHDELOLW\UDUHQHJDWLYH7KHVHDUHDOVRNQRZQDVQHJDWLYH UHIUDFWLYH
LQGH[PDWHULDOV1,0VOHIWKDQGHG/+PHGLDRUEDFNZDUGZDYHPHGLD2QWKHRWKHUVLGH61*070V
KDYHHLWKHUİURUUWREHQHJDWLYH0RUHUHFHQWO\ZLWKLQWKHFRQWH[WRIWKHKXJHDPRXQWRIUHVHDUFKLQWKHILHOGRI
070VVHYHUDODQDO\VHVKDYHEHHQDFKLHYHGUHJDUGLQJPRGHOSURSHUWLHVRI61*PHGLDZLWKHLWKHUHSVLORQQHJDWLYH
(1*RUPXQHJDWLYH01*7KHUHDUHGLIIHUHQWIHDWXUHVWKDWDIIHFWVHWWLQJWKHUHVRQDQFHIUHTXHQF\RIWKH070
PHGLD DPRQJVW WKHVH DUH W\SHRI FRPSRQHQWXVHGZLWK LWV GLPHQVLRQV SDUDPHWHUVYDULDWLRQRI FRPSRQHQWV HWF
)LJPDQLIHVWVVRPH070VFRPSRQHQWVZLWKWKHLUW\SHV


)LJ&ODVVLILFDWLRQRIPRVWFRPPRQ070VFRPSRQHQWV
0DQ\ SODVPDV H[KLELW HSVLORQQHJDWLYH (1* FKDUDFWHULVWLF IRU H[DPSOHQREOH PHWDOV WKDW DUH UHVLVWDQW
WRFRUURVLRQDQGR[LGDWLRQLQPRLVW DLU GHPRQVWUDWH VXFK FKDUDFWHULVWLF XQGHULQIUDUHGDQGYLVLEOH VSHFWUD 7KHVH
PHWDOVLQYROYH5XWKHQLXP5X5KRGLXP5K3DOODGLXP3G6LOYHU$J2VPLXP2V,ULGLXP,U3ODWLQXP
3WDQGJROG$XDVVKRZQLQ)LJ)LJVKRZVWKHQREOHPHWDOZLWKWKHLUDWRPLFQXPEHUDQGSRWHQWLDO:KLOVW
DJ\URWURSLFJ\URPDJQHWLFPDWHULDOH[KLELWVPXQHJDWLYH01*FKDUDFWHULVWLF

)LJ&KDUWRIQREOHDQGSUHFLRXVPHWDOV
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E
)LJD1REOHPHWDOZLWKWKHLUDWRPLFQXPEHUDQGSRWHQWLDOEWUDQVLWLRQPHWDOV

,QWKLVSDSHUGXDOEDQG%3)VDUHSURSRVHGEDVHGRQPHWDOOLFYLDKROHV09+VFRQFHSWDVDQ61*070(1*
FRPSRQHQWV7KH%3)VKDYHEHHQ LQWURGXFHGE\GULOOLQJKROHV LQDPLFURVWULS OLQH DQGPDVNLQJ WKHVHKROHV IURP
LQVLGH E\PHWDOOLF F\OLQGULFDOZDOO'XDOEDQG%3)VZLWKPRUH VL]H UHGXFWLRQ KDYH EHHQ REWDLQHG XVLQJ WKH VDLG
09+V LQVHUWHG LQ WKHPLFURVWULS OLQH DV WZR VHSDUDWH GHVLJQV L'XDOEDQGGHVLJQ ZLWKRXWJDSV DQG LL(QG
FRXSOHG OLQH GHVLJQ ZLWK JDSV 7KH GHVLJQHG ILOWHUV KDYH EHHQ DSSOLHG RQ 5RJHUV 52 VXEVWUDWH ZLWK D
GLHOHFWULFFRQVWDQWİURIDQGGLHOHFWULFVXEVWUDWHKHLJKWKRIPP
6WUXFWXUH'HVFULSWLRQV
6WUXFWXUHRIPLFURVWULSOLQH
)LJGHSLFWVDVFKHPDWLFUHSUHVHQWDWLRQRIDPLFURVWULSOLQH$PHWDOVWULSIHHGOLQHRIWKLFNQHVVWDQGZLGWK
: LV ORFDWHG RQ WRS RI D GLHOHFWULF VXEVWUDWH RI WKLFNQHVV K DQG UHODWLYH GLHOHFWULF FRQVWDQW İU 7KH VXEVWUDWH
ERWWRPLVPDVNHGZLWKDFRQGXFWLQJJURXQGSODQHRIVDPHWKLFNQHVVW



)LJ*HQHUDOPLFURVWULSVWUXFWXUH

,Q WKH TXDVL7(0 DSSUR[LPDWLRQ WZR PDLQ SDUDPHWHUV KDYH WR EH FRQVLGHUHG WR GHVFULEH WKH WUDQVPLVVLRQ
FKDUDFWHULVWLFVRIPLFURVWULS OLQHV WKH FKDUDFWHULVWLF LPSHGDQFH =FDQG WKHHIIHFWLYHGLHOHFWULFFRQVWDQW İUH DQG
ERWK FDQ EH FDOFXODWHG XVLQJ WKH TXDVLVWDWLF DQDO\VLV )RU LQILQLWHVLPDO WKLQ FRQGXFWRUV   WKH IROORZLQJ
FORVHGIRUPH[SUHVVLRQVFDQSURYLGHDQDFFXUDF\EHWWHUWKDQZKHQHYHU 




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0HWDOOLFYLDKROHVWUXFWXUH
7KHPHWDOOLF YLD KROH 09+ SOD\V DQ LPSRUWDQW UROH LQ WKH GHVLJQ SHUIRUPDQFH RI5)0: FLUFXLWV DQG LV WKXV
FRQVLGHUHGDVRQHRIWKHLPSRUWDQW070FRPSRQHQWV09+LVXVHGDVDQ61*070ZKLFKJHQHUDWHVDQHJDWLYH
İU ,W LV DQ RSHQLQJ GULOOLQJ LQWR WKH GLHOHFWULF VXEVWUDWHPDGH E\ XVLQJ DQ\ DFFXUDWH GULOOLQJ WHFKQLTXH VXFK DV
HWFKLQJSXQFKLQJRUODVHU9LDKROHLVWKHUHIRUHPHWDOL]HGIURPLQVLGHWRPDNHDFRQQHFWLRQEHWZHHQ WKHXSSHU
DQGORZHUJURXQGSODQHVLGHVRIPLFURVWULSOLQHFRQGXFWRUVWKDWKDYHWKLFNQHVVW,Q5)0:IUHTXHQFLHVUDQJHLW
KDVKRZHYHUEHHQQRWLFHGWKDWDOWKRXJKWKHPHWDOOLFIUDPHIHHGOLQHLVFRQQHFWHGWRWKHPLFURVWULSJURXQGSODQHE\
WKHFRQGXFWLYHYLDV\HWLWPLJKWVWLOOQRWEHJURXQGHGZHOO$FWXDOO\WKHJURXQGLQJFRQQHFWLRQRI09+GHSHQGVRQ
WZRPDLQIHDWXUHVWKHVSDFLQJEHWZHHQYLDKROHV3YLDDQGWKHGLDPHWHU'RIWKHFRQGXFWLYHYLD3UDFWLFDOO\LW
LV QHFHVVDU\ WRPDNH WKH09+GLDPHWHU DV ODUJH DVSRVVLEOH )LJ  LOOXVWUDWHV D VLQJOHPHWDOOLF YLD KROH 09+
SDVVLQJ WKURXJKGLHOHFWULF VXEVWUDWHPDWHULDOPDVNHGZLWK WRSDQGJURXQGPHWDO FRQGXFWRURI WKLFNQHVV W7KH
HTXLYDOHQWFLUFXLWPRGHORIDQ09+LVVKRZQLQ)LJD7KH09+LVPRGHOOHGE\DVKXQWFDSDFLWDQFH&YLDDQGD
VHULHVLQGXFWDQFH/RUHSUHVHQWLQJLWVSDGGLQJ9LDPHWDOSODWHLVKHUHE\UHSUHVHQWHGE\WKHVKXQWLQGXFWDQFH/YLD
DQGVKXQWUHVLVWDQFHUYLDZKLOHWKHGLHOHFWULFORVVLVUHSUHVHQWHGE\WKHVHULHVUHVLVWDQFHUR$VDQDSSUR[LPDWLRQ
LQ0: IUHTXHQFLHV WKH HTXLYDOHQW FLUFXLWPRGHO RI WKH09+ LV UHSUHVHQWHG DV D VKXQW LQGXFWDQFH /YLD RQO\ DV
VKRZQLQ)LJEVLQFHWKHRWKHUSDUDPHWHUVZLOOKDYHQRHIIHFWDQ\PRUHRQWKHFLUFXLWGHVLJQ
 
)LJ09+SDVVLQJWKURXJKVXEVWUDWHPDWHULDO)LJ09+HTXLYDOHQWFLUFXLWPRGHODLQJHQHUDO
ELQPLFURZDYHIUHTXHQFLHV

7KHSDUDVLWLFFDSDFLWDQFH&YLDLQS)RIDYLDLVUHODWHGWRWKHGLHOHFWULFFRQVWDQWİURIVXEVWUDWHPDWHULDOKHLJKW
RIVXEVWUDWHPDWHULDOKW LQLQFKHVGLDPHWHURIPHWDOOLFYLD'LQLQFKHVEHVLGHVWKHGLDPHWHURIGULOOHGYLD
' LQ LQFKHV 7KH IRUPXOD H[SUHVVLQJ D FDSDFLWDQFH RI DQ LGHDO SODQH FDSDFLWRU LV TXLWH DOLNH WR WKDW RI D YLD
SDUDVLWLFFDSDFLWDQFH&YLDDQGKHQFHWKHODWWHUFDQEHDSSUR[LPDWHO\H[SUHVVHGDV

7KH HOHFWULF ILHOG EHWZHHQ WKH YLD KROH DQG WKHPHWDOOLF F\OLQGULFDO ZDOO LQVLGH WKH KROH FUHDWHV DQ µHGJH HIIHFW¶
\LHOGLQJWKHFRQVWDQWZKLFKDSSHDUVLQ(T7KHDFFXUDWHH[SUHVVLRQRIWKHYLDLQGXFWDQFH/YLDZDVGHULYHG
E\*ROGIUDEDQG3XFHOLQZKLFK'DQGKWDUHERWKLQPHWUHV
 
7KHUHVLVWDQFHRIWKH09+5YLDPD\EHDSSUR[LPDWHO\FDOFXODWHGXVLQJWKHIROORZLQJH[SUHVVLRQV

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
ZKHUH5GFLVWKHGFUHVLVWDQFHILVWKHRSHUDWLQJIUHTXHQF\ıLVWKHPHWDOFRQGXFWLYLW\
3URFHGXUDO'HVLJQRI'XDOEDQG)LOWHUV
,QWKLVZRUNWRGHVLJQGXDOEDQG%3)WKHSDUDPHWHUV=FDQGİUHRIWKHSURSRVHGPLFURVWULSOLQHKDYHILUVWWREH
FDOFXODWHGGHSHQGLQJRQ(TV7KHIHHGOLQHZLGWKKDVEHHQFKRVHQDV: PPWRJHWWKHFKDUDFWHULVWLF
LPSHGDQFH =F   ȍ DQG HIIHFWLYH UHODWLYH SHUPLWWLYLW\ İUH    )LJ  VKRZV WKH UHVSRQVH RI WKH SURSRVHG
PLFURVWULSOLQH


)LJ7UDQVPLVVLRQ6DQGUHIOHFWLRQ6UHVSRQVHRIWKHSURSRVHGPLFURVWULSOLQH

$IWHUVHWWLQJWKHGHVLJQVSHFLILFDWLRQVRIWKHSURSRVHGPLFURVWULSOLQHWKH09+VDUHWREHGHOLEHUDWHO\LQVHUWHGLQ
WKHGHVLJQGLPHQVLRQVDQGVSDFLQJEHWZHHQKROHVDVVKRZQLQ)LJ$QGDVDOUHDG\VKRZQLQ)LJEWKH09+LV
UHSUHVHQWHGDVDVKXQWFRQQHFWHGLQGXFWDQFHLQLWVHTXLYDOHQWFLUFXLWPRGHODQGWKXVSURYLGHVWKHUHTXLUHGQHJDWLYH
UHODWLYHSHUPLWWLYLW\İU7KHLQWHUQDOUDGLXVULQWRI09+LQWKLVGHVLJQLVDSSUR[LPDWHO\ȜJPPRU' 
PPDQGWKHVSDFLQJEHWZHHQDGMDFHQWKROHV3YLDLVPPZKHUHȜJLVWKHJXLGHGZDYHOHQJWK7KHGLHOHFWULF
VXEVWUDWHKHLJKWK PPDQGWKHWKLFNQHVVRIWKHPHWDOOLFFRQGXFWRUVLQXSSHUDQGORZHUVLGHVRIPLFURVWULSOLQH
DQGF\OLQGULFDOZDOOW PP


)LJ0LFURVWULSOLQHFRQWDLQLQJ09+V

)LJ  PDQLIHVWV WKH IUHTXHQF\ UHVSRQVH RI WKLV ILOWHU 7KH UHVRQDQW IUHTXHQFLHV RFFXU DW *+] DQG *+]
UHVSHFWLYHO\ 7KH UHWXUQ ORVVHV DW SDVVEDQG LQWHUYDO LQ IUHTXHQF\ UHVSRQVH DUH OHVV WKDQ G% DQG G%
UHVSHFWLYHO\


)LJ)UHTXHQF\UHVSRQVHRI09+VEDVHGGXDOEDQG%3)
753 Ahmed Hameed Reja et al. /  Procedia Computer Science  58 ( 2015 )  748 – 754 
(QG&RXSOHG%3)V'HVLJQ
(QGFRXSOHGPLFURVWULS%3)GHVFULSWLRQDQGVLPXODWLRQUHVXOWV
,Q PLFURVWULS WHFKQRORJ\ WKH 09+V DUH TXLWH YLWDO WR SURYLGH WKH UHTXLUHG QHJDWLYH İUH DV D 61* PHGLD
$IRUHPHQWLRQHGWHFKQLTXHRILQVHUWLQJSHULRGLFDO09+VLQWRWKHPLFURVWULSOLQHFRQYHUWVWKHQRUPDO7/UHVSRQVH
LQWRGXDOEDQG%3)UHVSRQVH2QWKHRWKHUKDQG)LJDVKRZVWKHJHQHUDOFRQILJXUDWLRQRIDWKUHHSROHVQ 
HQGFRXSOHGPLFURVWULS%3)ZKHUHHDFKRSHQHQGPLFURVWULSUHVRQDWRULVDSSUR[LPDWHO\ȜJORQJDWWKHUHVRQDQFH
IUHTXHQF\IRRIWKH%3)+HUHE\WKHPLFURVWULSJDSOHQJWK6DQGWKHSROHVWULS OHQJWKOPD\GLIIHUDORQJ WKH
PLFURVWULSOLQH7KHJDS6FDQEHPRGHOOHGE\WKHHTXLYDOHQWFLUFXLWH[KLELWHGLQ)LJE
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GHVLJQRIHQGFRXSOHGILOWHUH[SODLQHGLQ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&RQFOXVLRQDQG)XWXUH6FRSH
7ZRFRPSDFWGXDOEDQGEDQGSDVVILOWHUV%3)VXVLQJPLFURVWULSWUDQVPLVVLRQOLQHV7/VORDGHGZLWKPHWDOOLF
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09+V DUHSUHVHQWHG7KH VHFRQG ILOWHU LV LQ DGGLWLRQ EDVHGRQ D WKUHHSROHV HQGFRXSOHGPLFURVWULS
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į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